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Myeloid Differentiation Factor 88 Regulates Basal
and UV-Induced Expressions of IL-6 and MMP-1
in Human Epidermal Keratinocytes
Youngae Lee1,2,3, Hyunjung Kim1,2,3, Sangmin Kim1,2,3, Mi Hee Shin1,2,3, Yeon Kyung Kim1,2,3,
Kyu Han Kim1,2,3 and Jin Ho Chung1,2,3
Myeloid differentiation factor 88 (MyD88) is known as an adaptor protein for the Toll-like receptor (TLR) family
and participates in signal transduction by binding to the cytoplasmic Toll/IL-1 receptor (TIR) domains of
activated TLR. In this study, we demonstrated that expression of MyD88 is increased in photoaged skin
compared with intrinsic aged human skin of the same elderly individuals, and that acute UV irradiation
increases MyD88 expression in human skin in vivo. To investigate the effects of these high levels of MyD88 in
photoaged skin and acutely UV-irradiated skin, human epidermal keratinocytes were infected with adenovirus
expressing wild-type (MyD88wt), dominant-positive (MyD88DC), and dominant-negative (MyD88DN) MyD88
forms. Overexpression of MyD88wt and MyD88DC, but not of MyD88DN, increased the basal expressions of IL-6
and matrix metalloproteinase-1 (MMP-1) in human epidermal keratinocytes. Moreover, overexpression of
MyD88DN prevented UV-induced expressions of IL-6 and MMP-1 by inhibiting UV-induced activation of NF-kB
and activating protein-1. These results suggest that MyD88 is important in IL-6 and MMP-1 expressions in both
acutely UV-irradiated skin and in chronically sun-exposed human skin.
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INTRODUCTION
UV exposure causes inflammatory responses and photoaging in
the skin (El-Abaseri et al., 2005). UV radiation activates the
transcription factor NF-kB, which stimulates transcription of
proinflammatory cytokine genes, such as IL-1b, tumor necrosis
factor-a, IL-6, and IL-8, in human skin in vivo (Fisher et al.,
2002; Naderi-Hachtroudi et al., 2002). These UV-induced
cytokines activate their cell-surface receptors, resulting in
various UV-induced cellular responses, epidermal proliferation,
and inflammation (Scharffetter-Kochanek et al., 2000;
Wlaschek et al., 2001). UV radiation also activates ligand-
independent autophosphorylation of cell-surface growth factor
receptors such as the EGFR. Following activation of these
receptors, various protein kinase cascades are stimulated,
leading to subsequent activation of the transcription factor,
activating protein-1 (AP-1). Activated AP-1 then stimulates the
production of many matrix metalloproteinases (MMPs), includ-
ing MMP-1, 3, 9, and 12, in both the epidermis and dermis,
leading to degradation of collagen and elastic fibers (Uitto,
1997; Fisher et al., 1998, 2002; Naderi-Hachtroudi et al., 2002;
Di Girolamo et al., 2005).
Myeloid differentiation factor 88 (MyD88) was originally
identified as a differentiation marker in murine myeloid
precursors, and alteration in the expression level of murine
MyD88 has been used as an indicator of terminal differentia-
tion in these cells (Lord et al., 1990). MyD88 is an adaptor
protein and is involved in IL-1 receptor/Toll-like receptor
(TLR) signals. TLRs belong to the Toll–IL-1 receptor super-
family of conserved surface molecules that trigger mechan-
isms of innate immunity upon stimulation with microbial
products or endogenous danger signals (Janssens and Beyaert,
2002; Vabulas et al., 2002; Takeda et al., 2003; Vogel et al.,
2003; Blander and Medzhitov, 2004). MyD88 consists of an
N-terminal death domain (DD) separated by a short linker
from a C-terminal Toll/IL-1 receptor (TIR) domain (Hultmark,
1994; Feinstein et al., 1995; Hofmann and Tschopp, 1995;
Hardiman et al., 1996; Mitcham et al., 1996; Burns et al.,
1998). Upon ligand stimulation, MyD88 is recruited to the
membrane by the interaction of its TIR domain with the
analogous domain in the IL-1 receptor or TLR. The MyD88
DD binds to the IL-1 receptor-associated kinase (IRAK)-4, and
promotes autophosphorylation of IRAK-1. These events
activate both the IkB kinase and the stress-activated
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mitogen-activated protein kinases such as c-Jun N-terminal
kinase and p38. These kinases mediate activation of several
transcription factors, including NF-kB and AP-1 (Burns et al.,
1998; Baud et al., 1999; Akira, 2003; Janssens and Beyaert,
2002, 2003). MyD88DN (TIR domain) is dominant-negative
mutant, because it acts as a competitive inhibitor of
endogenous MyD88 to prevent the interaction of endogenous
MyD88 to TIR domain of TLR, leading to inhibition of IRAK
activation. On the other hands, MyD88DC (DD) acts as
dominant positive that can activate IRAKs. Recent study
reported that transient transfection with MyD88DN inhibited
IL-1-induced NF-kB activity in a dose-dependent manner and
overexpression of MyD88DN inhibits tumor necrosis factor-a
expression by Mycobacterium tuberculosis total lipids
through TLR2 (Underhill et al., 1999; Jefferies et al., 2001).
It has been reported that overexpression of MyD88wt or
MyD88DC induces activation of the c-Jun N-terminal kinase
and the NF-kB through its DD (Muzio et al., 1997).
MyD88-deficient mice were unable to produce cytokines
or to activate NF-kB in response to IL-1 or IL-18 (Adachi
et al., 1998). Likewise, MyD88-deficient mice were highly
susceptible to infection with various pathogens compared
with wild-type mice and showed impaired production of
proinflammatory cytokines, tumor necrosis factor-a and IL-6
(Adachi et al., 1998; Kawai et al., 1999; Takeuchi et al.,
2000; Skerrett et al., 2004).
Recently, using microarray analysis, we found that MyD88
expression was highly increased at the transcriptional level in
photoaged skin compared with intrinsically aged skin of the
elderly subject (unpublished data). MyD88 is an essential
adaptor molecule that is involved in the TLRs/IL-1 receptor-
induced proinflammatory pathway. However, the role of
MyD88 in UV-induced skin responses, including sunburn
and photoaging, remains to be elucidated. Therefore, the
purpose of this study was to investigate the role of MyD88 in
the basal and UV-induced expression of IL-6 and MMP-1 and
in UV-induced activation of NF-kB and AP-1 in human
epidermal keratinocytes.
RESULTS
Expression of MyD88 is increased in photoaged human skin
compared with intrinsically aged skin
In our previous microarray study, we compared the in vivo
expression of genes from sun-exposed (forearm) and sun-
protected (upper-inner arm) human skin of elderly subjects.
The levels of MyD88 mRNA in sun-exposed skin were
significantly increased by more than twofold over the levels
in sun-protected skin of the same elderly individuals (data not
shown). In this study, using quantitative real-time reverse
transcriptase (RT)-PCR, we confirmed that the expression of
MyD88 mRNA was significantly increased in sun-exposed
skin (280±80%, Po0.05) compared with sun-protected skin
of the same aged subjects (Figure 1a). By western blot
analysis, we also demonstrated that expression of MyD88
protein was significantly increased in the epidermis
(190±50%, Po0.05), but not in the dermis (115±20%), of
sun-exposed skin compared with those of sun-protected skin
(Figure 1b). To detect whether this difference of MyD88
expression in elderly people might be due to the anatomical
site, we compared the expression of MyD88 between upper-
inner arm and forearm of same young people (n¼ 8) using
western blot analysis. However, there was no difference in
the MyD88 expression between upper-inner arm and forearm
in all young skin samples by western blot analysis (data not
shown). Therefore, this difference is not due to anatomical
site, but due to the photoaging event. In immunohistochem-
ical stained sections, MyD88 expression was greatly in-
creased in the epidermis of the sun-exposed forearm skin
compared with sun-protected inner arm skin (Figure 1c).
These results demonstrate that MyD88 expression was
significantly increased in the epidermis of photoaged human
skin compared with intrinsic aged skin in vivo.
UV irradiation increases the expression of MyD88 mRNA and
protein in human skin in vivo
To investigate whether acute UV irradiation induces expres-
sions of MyD88 mRNA and protein in human skin in vivo,
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Figure 1. Expressions of MyD88 mRNA and protein are increased in photoaged skin. Expression of MyD88 was detected from forearm (sun exposed) and inner
arm (sun protected) skin of elderly subjects (five men, mean age 79.6±3.0 years). (a) MyD88 mRNA level was detected by quantitative real-time RT-PCR.
(b) MyD88 protein level was detected by western blot analysis of soluble protein extracts from punch biopsied skin tissue of each subject. (c) MyD88
expression level in forearm and inner arm of each subject was analyzed by immunohistochemical staining. Data shown are representative of five
independent experiments. Values are mean±s.e.m. *Po0.05 vs inner arm. Scale bar¼50 mm.
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sun-protected buttock skin was irradiated with two minimal
erythema dose of UV and skin samples were then taken by
punch biopsy at 24, 48, and 72 hours after UV irradiation.
Expressions of MyD88 mRNA and protein in acute
UV-irradiated buttock skin were determined by quantitative
real-time RT-PCR and western blot analysis, respectively. The
expressions of MyD88 mRNA were increased significantly by
208±33, 205±67, and 176±52%, respectively (Figure 2a),
and protein levels were also increased significantly by
120±20, 270±122, and 550±197%, respectively (Figure
2b), at 24, 48, and 72 hours after UV irradiation compared
with nonirradiated control skin. These results suggest that
acute UV irradiation increases the expressions of MyD88
mRNA and protein in human skin in vivo.
Overexpression of MyD88wt and MyD88DC, but not
MyD88DN, increases the basal expressions of IL-6 and
MMP-1 in human epidermal keratinocytes
To investigate whether MyD88 is involved in the basal
expressions of IL-6 and MMP-1 in human epidermal
keratinocytes, recombinant adenovirus encoding green fluor-
escent protein (GFP), MyD88wt, or MyD88 deletion mutant
was used. MyD88wt contains both an N-terminal DD and
a C-terminal TIR domain. In MyD88DN, the DD is deleted,
but the C-terminal TIR domain is retained, whereas the TIR
is deleted from MyD88DC and the N-terminal DD domain is
retained (Figure 3a). MyD88DN acts as a dominant negative,
and MyD88DC is a constitutively active form.
Infection of human epidermal keratinocytes with adeno-
viruses encoding control GFP, MyD88wt, MyD88DN, and
MyD88DC (multiplicity of infection of 5) increased the
expressions of each corresponding protein as detected by
western blot analysis (Figure 3b). Overexpression of
MyD88wt or MyD88DC significantly increased the basal
expression of IL-6 by 2.7- and 2.4-fold, respectively, in
culture media at 24 hours (Figure 3c) Moreover, over-
expression of MyD88wt or MyD88DC also significantly
increased the basal expression of MMP-1 by 242±62
and 316±54% in culture media at 72 hours, respectively
(Figure 3d). However, the basal expression of MMP-2 was not
affected by MyD88wt or MyD88DC overexpression. In
contrast to overexpression of MyD88wt or MyD88DC,
overexpression of MyD88DN had no effect on the basal
expressions of IL-6 and MMP-1 (Figure 3c and d). These
results suggest that overexpression of MyD88wt and
MyD88DC, but not MyD88DN, upregulates basal expressions
of IL-6 and MMP-1 in human epidermal keratinocytes.
Overexpression of dominant-negative MyD88DN inhibits
UV-induced expressions of IL-6 and MMP-1 in human
epidermal keratinocytes
To investigate the role of MyD88 in the expressions of UV-
induced IL-6 and MMP-1, human epidermal keratinocytes
were infected with adenoviral constructs expressing control
GFP or the dominant-negative form, MyD88DN. UV irradia-
tion significantly increased IL-6 expression (186±6%,
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Figure 2. UV increases MyD88 mRNA and protein expressions in human
skin in vivo. Human buttock skin was irradiated with two MED of UV and skin
samples were taken at the indicated times after UV exposure. (a) Expression of
MyD88 mRNA was detected by quantitative real-time RT-PCR. (b) Expression
of MyD88 protein was detected by western blot analysis. Data shown are
representative of four independent experiments. Values are mean±s.e.m.
*Po0.05 vs Con, control.
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Figure 3. Overexpression of MyD88wt and MyD88DC increases IL-6 and
MMP-1 expression in human epidermal keratinocytes. (a) Mapping of
MyD88wt, MyD88DN, and MyD88DC constructs. Human epidermal
keratinocytes were infected with adenoviruses encoding GFP, MyD88wt,
MyD88DC, and MyD88DN. (b) Expressions of MyD88wt, MyD88DC, and
MyD88DN were detected by western blot with anti-Myc antibody. (c) After
culture for 24 hours, the cell culture supernatants were collected and IL-6
levels were detected by ELISA analysis. (d) After culture for 72 hours,
supernatants from the cells were collected and MMP-1 expression by western
blot and MMP-2 expression by Zymography method were analyzed. Data
shown are representative of three independent experiments. Values are
mean±s.e.m. *Po0.05; ***Po0.001 vs corresponding AdGFP.
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Po0.001) in human epidermal keratinocytes infected with
control GFP adenovirus, whereas overexpression of
MyD88DN significantly prevented UV-induced IL-6 expres-
sion (Figure 4a).
UV irradiation significantly increased expression of MMP-
1 by 412±107, 722±113, and 481±19%, respectively, in
human epidermal keratinocytes infected with control GFP
adenovirus at multiplicity of infection of 50, 5, and 0.5. We
demonstrated that expression of UV-induced MMP-1 in cell
culture supernatants at 72 hours after UV treatment was
significantly inhibited by overexpression of MyD88DN in a
dose-dependent manner (Figure 4b).
To confirm that MyD88DN acted as dominant negative for
MyD88, we investigated the effects of MyD88DN on IL-1b- or
12-O-tetradecanoylphorbol-13-acetate-induced MMP-1 ex-
pression in human epidermal keratinocytes. IL-1b signaling is
known to be MyD88-dependent pathway and is known to
induce MMP-1 expression (Adachi et al., 1998; Raymond
et al., 2006). 12-O-Tetradecanoylphorbol-13-acetate is also
known to increase the MMP-1 expression, through MyD88-
independent pathway (Lambert et al., 2001). We found
that MyD88DN inhibited IL-1b-, but not 12-O-tetradecanoyl-
phorbol-13-acetate-, induced MMP-1 expression (Figure 4c
and d).
Overexpression of MyD88DN prevents UV-induced NF-jB and
AP-1 activation
To elucidate how MyD88DN blocks the UV-induced IL-6 and
MMP-1 expressions, we investigated the effects of MyD88DN
overexpression on UV-induced activation of NF-kB and
AP-1. We detected binding activity of both NF-kB and AP-1
at 1, 2, 4, 8, 12, and 24 hours after UV irradiation using
electrophoretic mobility shift assay method. As a result, UV
irradiation increased the activation of NF-kB at late time
points (8, 12, and 24 hours) and AP-1 at early time points (at
1, 2, 4 and 8 hours) in human epidermal keratinocytes
infected with control GFP adenovirus, whereas overexpres-
sion of MyD88DN inhibited the UV-induced NF-kB and AP-1
activations. To determine the binding specificity, a competi-
tion assay was performed. The UV-induced NF-kB and AP-1
activation could be competed completely, not by nonspecific
cold probe, but by specific cold probe (Figure 5a and b).
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Figure 4. Overexpression of MyD88DN prevents UV-induced IL-6 and MMP-1 expression in human epidermal keratinocytes. Human epidermal keratinocytes
were infected with adenoviruses encoding GFP and MyD88DN and then treated with 100mJ cm2 of UV. (a) Expression of IL-6 in cell culture media was
analyzed using ELISA at 24 hours after UV treatment. (b) Expression of MMP-1 in cell culture media was analyzed by western blot at 72 hours after UV treatment.
The cells infected with adenoviruses encoding GFP and MyD88DN were treated with (c) 10 ngml1 of IL-1b or (d) 10 nM of TPA for 24 hours, and then
expression of MMP-1 in cell culture media was analyzed by western blot. Data shown are representative of three independent experiments. Values are
mean±s.e.m. *Po0.05; **Po0.01; ***Po0.001 vs corresponding AdGFP; Con, control; yPo0.05; yyyPo0.001 vs corresponding AdGFPþUV or IL-1b.
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These results demonstrate that MyD88 is essential for
UV-induced NF-kB and AP-1 activation.
DISCUSSION
In this study, we have demonstrated that MyD88 mRNA and
protein levels were constitutively increased in photoaged
human skin compared with intrinsically aged skin. Also,
acute UV irradiation increased MyD88 expression in human
skin in vivo. It has been reported that MyD88 and TRAF6
expressions were increased by UVB irradiation in human
epidermal keratinocytes (Sesto et al., 2002). Therefore,
MyD88 may be important in UV-induced skin responses,
such as sunburn reaction in acute UV-irradiated skin and
photoaging in chronically exposed skin.
Next, we investigated the role of MyD88 overexpression
on the basal expressions of IL-6 and MMP-1 in human
epidermal keratinocytes. UV-induced IL-6 expression in-
creases the keratinocytes proliferation and skin inflammation
(Grossman et al., 1989; Takashima and Bergstresser, 1996;
Nishimura et al., 2000). IL-6 is known to induce MMPs via an
autocrine mechanism (Wlaschek et al., 1993). UV-induced
MMP-1 expression increases extracellular matrix protein
degradation, resulting in photoaging, and also is involved in
the initiation and progression of UV-induced skin cancer
(D’Armiento et al., 1995; Fisher et al., 1996, 1997; Chung
et al., 2002). When human epidermal keratinocytes were
infected with adenovirus expressing MyD88wt and
MyD88DC, but not MyD88DN, basal expressions of IL-6
and MMP-1 were significantly increased. These data suggest
that MyD88 is important in regulating basal expressions of
IL-6 and MMP-1 in human epidermal keratinocytes. We
demonstrated that basal level of MyD88 in photoaged skin is
higher than in intrinsically aged skin. Previously, we
demonstrated that basal expression of MMP-1 was signifi-
cantly increased in photoaged human skin, compared with
intrinsically aged skin of same individuals (Chung et al.,
2001). Therefore, the higher level of MyD88 in photoaged
skin may result in the increased expression of MMP-1 in
photoaged skin, compared with intrinsically aged skin.
Consistent with our results, overexpression of MyD88wt
and MyD88DC dramatically increased the activity of IL-8
promoter in COS7 cells (Bonnert et al., 1997). In addition,
overexpression of MyD88wt and MyD88DC, but not of
MyD88DN, induced activity of NF-kB promoter in 293T
cells, and increased the interaction of IRAKs with MyD88
through homophilic interaction of DDs in both MyD88 and
IRAKs (Muzio et al., 1997).
Furthermore, we demonstrated that overexpression of
dominant-negative MyD88DN inhibited UV-induced IL-6
and MMP-1 expression in human epidermal keratinocytes.
These data indicate that MyD88 is important in UV-induced
IL-6 and MMP-1 expression. It has been reported that the
overexpression of dominant-negative MyD88 decreased the
expressions of tumor necrosis factor-a, IL-6, IL-8, vascular
endothelial growth factor, and MMP-1 in synovial membrane
cultures of rheumatoid arthritis (Sacre et al., 2007).
We also performed the experiment to observe the effects
of MyD88wt overexpression on IL-6 or MMP-1 expression by
UV. However, UV irradiation to MyD88wt-infected keratino-
cytes did not increase IL-6 or MMP-1 expression further (data
not shown). These results suggest that additional UV stimuli
cannot affect the levels of both proteins, as high level of
MyD88 in MyD88wt-infected keratinocytes induces high
enough IL-6 or MMP-1 expression.
Finally, we demonstrated that overexpression of domi-
nant-negative MyD88DN also inhibited UV-induced NF-kB
and AP-1 activation in human epidermal keratinocytes.
Consistent with our results, it was reported that MyD88
might mediate NF-kB or AP-1 activation (Burns et al., 1998;
Muzio et al., 1998; Patel et al., 2006). The overexpression of
dominant-negative MyD88DN abrogates IL-1 receptors-in-
duced, but not IRAK-2-induced, NF-kB activity (Muzio et al.,
1997). We also demonstrated that pretreatment with a NF-kB
inhibitor (BAY11-7082) or a c-Jun N-terminal kinase inhibitor
(SP600125) inhibited UV-induced IL-6 or MMP-1 expression
in human epidermal keratinocytes (data not shown). Previous
studies also showed that UV-induced activation of NF-kB
or AP-1 may be important in the expressions of IL-6 and
MMP-1 (Fisher et al., 2002; Naderi-Hachtroudi et al., 2002).
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Therefore, these data suggest that a MyD88-dependent
pathway may mediate the UV-induced expressions of IL-6
and MMP-1 through activation of NF-kB and AP-1.
In summary, we found that MyD88 expression was
increased in skin photoaging in vivo or in UV-irradiated
human skin in vivo. However, the molecular mechanism of
UV-induced MyD88 expression remains to be investigated.
This study demonstrated that overexpression of MyD88
increases the basal level of IL-6 and MMP-1, and MyD88 is
involved in UV-induced IL-6 and MMP-1 expression. There-
fore, a MyD88-dependent pathway may be important in UV-
induced skin inflammation and in photoaging in human skin.
MATERIALS AND METHODS
Human skin samples
Five elderly Koreans (mean age 79.6±3.0, age range 76–82 years),
without current or prior skin diseases, provided skin samples.
All elderly subjects had severely photodamaged skin, 4grade 5
according to our photographic wrinkle grading scale (Chung et al.,
2001). Skin specimens were obtained from all subjects by punch
biopsy from photodamaged extensor (forearm) skin and sun-
protected (upper-inner arm) skin.
UV irradiation
To obtain UV-irradiated skin, four young Koreans (mean age
22.0±2.0, age range 20–24 years) were irradiated with a Waldmann
UV-800 (Waldmann Co., Villingen-Schwenningen, Germany)
phototherapy device. A F75/85W/UV21 fluorescent lamp with
emission spectrum between 275 and 380 nm (peak at 310–315 nm)
was used as the UV light source, as described previously (Seo et al.,
2001). A Kodacel TA401/407 filter was mounted 4 cm in front of the
tubes to remove wavelengths below 290nm (UVC). Irradiation
intensity was monitored using an IL 1400 a phototherapy radiometer
and a SED240/UVB-1/W photodetector (International Light,
Newburyport, MA).
Minimal erythema dose for each subject was determined 24
hours after irradiation. Minimal erythema dose ranged between 70
and 90mJ cm2 for the brown skin of Koreans. Irradiated and
nonirradiated skin samples were obtained from each subject for each
time point (Fisher et al., 1991; Chung et al., 2001). All procedures
involving human subjects received prior approval from the Seoul
National University Institutional Review Board, and all subjects
provided written informed consent. The study was conducted
according to the Declaration of Helsinki Principles.
Cell culture
Human epidermal keratinocytes were isolated as described
previously (Gilchrest, 1983). Human epidermal keratinocytes
were cultured in keratinocyte growth medium (Clonetics, San Diego,
CA), which was composed of MCDB 153 medium supplemented
with epidermal growth factor (10 ngml1), bovine pituitary
extract (70 mgml1), streptomycin (100 mgml1), hydrocortisone
(0.5mgml1), and GA-100 (100mgml1). Human epidermal keratino-
cytes were used in the third or fourth passage. For viral infection,
human epidermal keratinocytes were infected with adenovirus for 4
hours in complete medium and the medium containing adenovirus
was removed, and then the cells were cultured in new complete
medium for 48 hours.
Quantitative real-time RT-PCR
Total RNA was isolated from tissue using a Trizol (Invitrogen,
Carlsbad, CA) and 1 mg of total RNA was converted to cDNA using
First Strand cDNA Synthesis Kit (MBI Fermentas, Vilnius, Lithuania)
according to the manufacturer’s instructions. Quantitation of
MyD88, and endogeneous reference 36B4 cDNA was performed
using a 7500 Real-time PCR System (Applied Biosystems, Foster City,
CA). Sequence-specific primer sets and TaqMan MGB probes (FAM
dye-labeled) were purchased by Applied Biosystems (Assays-on-
Demend gene expression products). The PCR conditions were 50 1C
for 2 minutes, 95 1C for 10 minutes, followed by 40 cycles at 95 1C
for 15 s and 60 1C for 1 minute. Data were analyzed using the 2DDCT
methods (Livak and Schmittgen, 2001), the data being presented as
the percentage in gene expression normalized to 36B4 and relative
to the inner arm or control sample.
Western blot analysis
Western blot analysis was performed as described previously (Chung
et al., 2000). Briefly, punch-biopsy skin samples and human
epidermal keratinocytes were homogenized in lysis buffer (50mM
Tris-HCl (pH 7.4), 150mM NaCl, 2mM EDTA, 20 mgml1 leupeptin,
20 mgml1 aprotinin, 1mM phenylmethylsulphonyl fluoride, and
1mM dithiothreitol, 1% (wt/vol) Triton X-100). Lysates were
centrifuged at 12,000g, 4 1C for 25 minutes, and supernatants were
collected for western blot analysis. Protein concentration of samples
was determined by bicinchoninic acid assay. Equal amounts of
proteins were loaded onto 10% Tris-Glycine gels, and then
electrophoretically transferred to polyvinylidene difluoride mem-
brane. Membranes were subsequently blocked with 5% skim milk in
Tris-buffered saline/T (20mM Tris-HCl (pH 7.6), 137mM NaCl, 0.1%
Tween-20) and incubated with a rabbit polyclonal antibody against
MyD88 (HFL296; Santa Cruz, Santa Cruz, CA) and MMP-1 (Lab
Frontier, Seoul, Korea), a goat polyclonal antibody against b-Actin
(Santa Cruz, CA) or a mouse MAb against Myc (Invitrogen). Blotting
proteins were visualized by enhanced chemiluminescence (Amer-
sham, Buckinghamshire, England).
Zymography
To assess the gelatinolytic activity of MMP-2, cells culture super-
natants were prepared. Equal volume of culture media from equal
number of cells was fractionated using zymogram gels containing
10% gelatin according to the manufacturer’s protocol (NOVEX, San
Diego, CA). After electrophoresis, gels were renatured by incubation
in renaturing buffer (50mM Tris-HCl (pH 7.4), 2% (vol/vol) Triton
X-100) for 30 minutes at room temperature. Gels were then
incubated in developing buffer (50mM Tris-HCl (pH 8.0), 2.5mM
CaCl2, 0.02% (wt/vol) sodium azide) for 48 hours at 37 1C.
Proteolytic bands were visualized by staining with 0.5% (wt/vol)
Coomassie brilliant blue solution.
Immunohistochemical staining
Human skin samples were fixed in 10% formalin for 24 hours and
embedded in paraffin. Serial sections (4 mm) were mounted onto
silane-coated slides (Dako, Glostrup, Denmark). Acetone-fixed
frozen sections were stained with the polyclonal MyD88 (HFL296)
antibody in a humidified chamber at 4 1C for 18 hours. Control
staining was performed with normal rabbit Ig, which demonstrated
no immunoreactivity (data not shown). After rinsing in phosphate-
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buffered saline, the sections were visualized using an LSAB kit
(Dako), which uses a biotinylated secondary antibody and horse-
radish–streptavidin conjugate; 3-amino-9-ethylcarbazole was used
as the chromogenic substrate. Sections were counter-stained briefly
in Mayer’s hematoxylin.
Adenoviral construct
The adenovirus encoding MyD88 wildtype (MyD88wt; amino acid
1–296), MyD88 lacking the TIR (MyD88DC; amino acid 1–151), and
MyD88 lacking the DD (MyD88DN; amino acid 152–296) were
generated as previously described (Bonnert et al., 1997; Muzio et al.,
1997). The cDNAs were generated by RT–PCR from total RNA of
human skin and contain a Myc epitope, and inserted into pShuttle-
GFP vector (Stratagene, La Jolla, CA). The recombinant pShuttle-GFP
vectors were linearized by PmeI restriction enzyme digestion and
transformed into BJ5183-AD-1 electrocompetent cells (Stratagene,
CA) containing the AdEasy backbone vector. Homologous recombi-
nation via adenoviral sequences in the pShuttle-GFP vector and
AdEasy backbone vector in these cells yielded the recombinant
adenoviral vectors. Correct recombinant adenoviral vectors were
selected and transformed into DH5a (Invitrogen), amplified and
linearized by PacI restriction enzyme digestion. The linearized
recombinant adenoviral DNA were transfected, and then the
recombinant adenovirus was amplified in the human embryonic
kidney293 cells. The adenovirus was isolated by CsCl gradient
centrifugation and dialyzed in phosphate-buffered saline/10%
glycerol at 4 1C for 3 days. Multiplicity of infection of adenovirus
was measured by Adeno-X papid titer kit (BD Biosciences, Mountain
View, CA).
Electrophoretic mobility shift assay
Nuclear extracts were prepared as previously described (Hogan et al.,
2004). Electrophoretic mobility shift assays were performed with the
Gel Shift assay system (Promega, Madison, WI). Briefly, AP-1 and
NF-kB consensus oligonucleotide probes were end-labeled with
[g-32P] ATP (Amersham Biosciences, Buckinghamshire, UK). Reaction
mixtures consisted of 10mg of nuclear extract and binding buffer
(2.5mM dithiothreitol, 2.5mM EDTA, 5mM MgCl2, 20% glycerol,
250mM NaCl, 50mM Tris-HCl, 0.25mg of poly [dI-dC] per ml). For
competition assays, a 100-fold molar excess of cold probe was added
to this buffer before adding the labeled probe. The reaction mixtures
were incubated at room temperature for 10 minutes; 0.06pmol of
g-32P-labeled probe was then added and incubated for 20 minutes at
room temperature. The reaction mixtures were immediately separated
in 6% DNA retardation gels (Invitrogen). The gels were dried and
autoradiographed at 80 1C for 18 hours.
ELISA
Human IL-6 secretions were measured by ELISA analysis according
to the manufacturer’s protocol (Endogen, Woburn, MA).
Statistical analysis
Statistical analyses were performed using the Student’s t-test.
P-values of less than 0.05 were considered statistically significant.
Results are presented as mean±s.e.m.
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